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material only substantially under 
each conductive pattern of the conduci^ 
layer formed thereon and each 
dielectric layer comprises a second 
dielectric material between and adj oir:-^ -i-^&8 
each portion of the first dielectric i:;;:] 
material, and the second dielectric i-'xi^^^^ii: " 
material of each dielectric layer has 
dielectric constant less than the .1 
dielectric constant of the first dielectric 
material and comprises a polyimide 
or other organic dielectric, wherein the 
first dielectric material is silicon 
dioxide. 

2. A semiconductor device comprising a 
plurality of sequentially formed 
dielectric and conductive layers, each y' 
conductive layer comprising at least one 
conductive pattern; wherein each dielectric!:::;*;! 
layer comprises a portion 

consisting essentially of a first dielectrici-V 
material only substantially under 1^ 
each conductive pattern of the conductive 
layer formed thereon and further 
comprising a thin conformal dielectric 
coating thereon and a topside dielectric 
layer formed on the thin conformal 
dielectric coating, wherein the topside 
dielectric layer comprises a dielectric 
material having a dielectric constant 
less than the dielectric constant of the 
conformal dielectric coating and the i':!' 
topside dielectric layer comprises a 
polyimide or other organic dielectric, 
wherein the first dielectric material is 
silicon dioxide, |.- 

3. The semiconductor device according to-.- 
claim 2, wherein the conformal 

dielectric coating comprises a silicon 
oxide, silicon nitride or a silicon 
oxynitride. 

4. A semiconductor device comprising a 
plurality of sequentially formed 
dielectric and conductive layers, each 
conductive layer comprising at least one 
conductive pattern; wherein each dielectric'- 
layer comprises a portion of a 

first dielectric material only substantially!!^!:: 
under each conductive pattern of 
the conductive layer formed thereon and 
further comprising a first thin 
conformal dielectric coating and a second 
thin conformal dielectric coating 
formed thereon, wherein the dielectric 
constant of the first conformal 
dielectric coating is greater than the 
dielectric constant of the second 
conformal dielect ric coating, where in the 
second conformal 



dielectric layer | 
comprises a polyimide or other organic 
dielectric and the first conformal ^ 
dielectric coating comprises a silicon 
oxide, silicon nitride or a silicon 
oxynitride, I 
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circuitry, Dy signiticantly reducing trie 
capacitance of the interconnection 
pattern. Basically, the present invention 
commences where conventional 
practices terminate. Specifically, the 
present invention begins with a 
conventionally formed semiconductor device 
as depicted in FIG. 1, prior to 
integrating the FIG. 1 device into a 
circuit. Thus, the practice of the 
present invention initially involves 
conventional manufacturing procedures to 
produce the semiconductor device 
schematically depicted in FIG. 1. 

(3) The present invention comprises 
selectively removing the sections of 
dielectric material from each dielectric 
layer, initially formed of a first 
dielectric material, leaving a portion of 
the first dielectric material only 
substantially under each conductive pattern l 
of the conductive layer formed on 
the dielectric layer for structural support.!: 

This simplified, cost effective 
technique can be accomplished by employing 
anisotropic etching, such as a 
conventional plasma etch, to remove sections;: 
of the dielectric layers which are 
not substantially under conductive patterns,! 

Typically, dielectric layers are 
formed of oxides and nitrides, such as 
silicon oxide and silicon nitride. In 
accordance with the present invention, 
anisotropic etching can be timed or 
determined using a conventional end point 
detection technique at a conductive 
layer. In conducting anisotropic etching, 
it is preferred to anisotropically 
etch all dielectric layers in one etching 
stage to increase processing 
throughput. 

(4) The anisotropic etching techniques 
employed in practicing the present 
invention, do not remove significant amounts^ 
of conductive material, typically 
conductive employed in interconnection 
patterns. Such typical conductive 
materials include aluminum, polysilicon and 
refractory metals. 




(5) Thus, in accordance with the present 
invention, sections of the first 
dielectric material are removed from the 
dielectric levels of a multilevel 
semiconductor device, thereby leaving air 
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then be removed to enable external 
connection. 



Detailed Description Text - DETX (14): 

FIG. 5 shows the implementation of a 
package interconnection. Elements in 
FIG. 5 similar to those in FIGS. 1, 2, 3 and 
4 bear similar reference numerals. 
Bond pad opening 17 is added, as to the FIG. 
3 embodiment, to indicate the 
connection of the metal layer (typically 
aluminum) to the package interconnect 
means. As shown in FIG. 5, a 
thermo-compression "ball bond" 18 is 
provided for 

electrical contact to the product die. 
Whereas the interconnect, capacitance is 
reduced by removing dielectric material 
between the interconnect, dielectric 
material underneath the metal interconnect 
layer is not removed. This is an 
advantage, because wire bonding results in 
the application of large mechanical 
forces to the bond pad metal during 
packaging manufacture. It also allows the 
addition of "bumps" on the die for 
subsequent "flip chip" assembly or TAB 
bonding (Tape Automated Bonding) . Because 
the standard metal and dielectric 
materials remain underneath the bond pad 
metal on the die, the mechanical 
support enjoyed by prior art (FIG. 1) is 
retained, allowing standard 

manufacturing practices for package assembly; 
to be employed in practicing the 
present invention without any change. 
Approaches involving the use of an air 
bridge require the addition of special 
mechanical structures, thereby 
introducing process complexity in order to 
use standard wire bonding 
techniques, or requiring modification of 
standard package manufacturing 
practices. The assembly bonding advantage 
of the present invention applies to 
all embodiments. 
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Abstract Paragraph - ABTX 




Title - TTL (1) : 

P ad structure for copper interconnection;:;: 
and its formation 



Summary of Invention Paragraph - BSTX (2) : 

[0002] The present invention relates 
generally to semiconductors and more 
specifically to barrier materials and pad 
structures used in semiconductor 
devices comprising high conductivity 
interconnection lines- 



Summary of Invention Paragraph - BSTX (4): 

[0003] Conventional semiconductor devices^ 
typically are made up of a 
semiconductor sub^Jtrate^ normally a 
monocrystalline silicon with a plurality of 
dielectric and conductive layers formed 
thereon. An integrated circuit is 
formed of semiconductor devices connected by;' 
a plurality of spaced-apart 
conductive lines and a plurality of 
interconnection lines, such as bus lines, 
word lines and logic interconnection lines. ;. 
Such interconnection lines 
generally constitute a limiting factor in 
terms of various functional 
characteristics of the integrated circuit. 
There exists a need to provide a 
reliable interconnection structure capable 
of achieving higher operating 
speeds, improved signal-to-noise ratio, 
improved wear characteristics, and 
improved reliability. 



Summary of Invention Paragraph - BSTX (8) : 

[0007] According to conventional 
practices, a plurality of conductive layers 
are formed over a semiconductor ^^bsta^ate 
and the uppermost conductive layer 
joined to a bonding pad for forming an 
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onto the toarrier metai layer ly. The 
interconnection layer 19 extends over the 
bonding pad region 9 and the diffusion 
regions 2, 3 and defines a binding pad 
30 over the openings 7 and the conductive 
layer 15. A protective insulation 
layer 20 covers the interconnection layer 
19. A pad opening 23 is provided in 
the insulation layer 20 to expose the 
interconnection layer 19 in the bonding 
pad region 9. 

(12) Thus, the barrier metal layer 18 is 
fixed through openings in the 
insulation insulator 14, to a conductive 
layer 15, and the interconnection 

layer is formed on the barrier metal layer. 
Accordingly, the barrier metal 
layer and the interconnection layer are 
firmly secured or anchored onto the 
region of the bonding pad, 

(13) A process for fabricating the above 
semiconductor device is now 

described with reference to FIGS. 2(a) 
-2(e) . 

(14) FIG. 2(a) shows a cross section of a 
stage of fabrication of the 
semiconductor device according to the 
preferred embodiment of the invention. 
More specifically, at this stage, the 
diffusion regions 2, 3, are doped by ion 
implantation to have a conductivity type 
opposite to that of the substrate 1, 

and to retain lightly doped regions 4, 5, 
which form a part of the LDD 
structure. To isolate the active regions 
from each other, the thick, field 
oxide, isolation layer 6 is formed on the 
substrate 1, as by a selective 
oxidation process well known to those 
skilled in the semiconductor art. 



(15) 



The gate electrode 11, over the thir 
gate oxide 10, comprises a layer of | 
polysilicon, silicide, refractory rnetal, 



polycide, or the like. When the gate 

electrode is formed, the conductive layer 15;:: 

is simultaneously formed using the 

same gate material. The oxide side walls 

12, 13 and 16, 17 are formed on the 

opposite sides, respectively, of the gate 

electrode 11 and the conductive layer 

15. The side walls 12, 13 serve to mask the|i 

lightly doped regions 4, 5 during 

the high density doping of the diffusion 

regions 2, 3. 

(16) As shown in FIG. 2(b), after the 
doping of the diffusion regions 2, 3, 
the oxide interlayer insulator (insulation 
layer) 14, which may contain 
phosphorus or boron as an impurity, is 
deposited over the entire surface of the 
substrate 1, using a CVD process. As a 
result, the gate electrode 11 and the 
conductive layer 15 are covered with the 
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(5) This invention relates to a 
semiconductor device and, more particularly, =:/;Ti 

to a MOS (Metal-Oxide-Silicon) integrated 
circuit device having an improved 
bonding pad structure. 



(6) 



Description of Related Art 



(7) The use of barrier metal technology iss 
inevitable for 0.5 micron designs 
of semiconductor devices. In a process of 
fabricating a semiconductor device 
containing MOS transistors, to which the 
barrier metal technology is applied, a 
thick field oxide layer is formed on the 
substrate to isolate the active 

regions from each other. The gate electrodes 
of the MOS transistors are 

generally formed by polysilicon, refractory 
metal or the like. Typically, an 
oxide insulation layer, containing 
phosphorus or boron, is applied to the whole-. 

surface of the substrate using a CVD 
(Chemical Vapor Deposition) method. 
Openings are formed in the oxide insulation 
layer to expose the diffusion 
regions of the transistors. 

(8) A barrier metal layer then is 
deposited over the entire oxide insulation 
layer, and the exposed diffusion regions. 
The barrier metal layer serves to 

prevent solid phase epitaxy in the openings | 
of the integrated circuit device 
employing a conductive pattern, 0.5 micron 
in width. Materials for the barrier 
metal layer generally include a refractory 
material such as MoSi.sub.x 

(molybdenum silicide) , WSi.sub.x (tungsten 
silicide) , or the like, and TiN 

(titanium nitride) . The refractory 
materials are deposited by a sputtering 
method, and the TiN is deposited by 
nitriding titanium or by a reactive 
sputtering method. 

(9) After the barrier metal layer is I 
formed, an aluminum alloy layer is | 
deposited on its entire surface. Known 
photolithography and etching techniques 

are applied to the aluminum layer to form 
fine interconnection layers that 
extend between the diffusion regions of the ji; 
different transistors, and to 
bonding pad regions on the isolation layer. :'. 
An exterior insulating layer for 
protecting the integrated circuit from the 
outside atmosphere and mech 
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damage, is then applied. Openings are | 
provided in the protection layer at the 
^bonding pad regions to enpose the 
interconnection layer so that leads may 



